We studied the association between erythrocyte aggregation (EA) and erectile dysfunction (ED) in men with coronary artery disease (CAD). Men with CAD documented by coronary angiography filled the Sexual Health Inventory for Males questionnaire to detect ED and assess its severity. EA was evaluated by filming slides of blood smear. Low percentage of slide field covered by erythrocytes represented increased EA. Overall, 133 men with CAD, mean ages 62.4 ± 12.2 years, were included: 100 (75.2%) with ED and 33 (24.8%) without ED. EA was increased among men with ED compared with men without ED (percentage of slide field covered by erythrocytes 66.7 ± 14.7 vs 73.1 ± 14.5%; P ¼ 0.03). After adjustment for age, diabetes mellitus, hemoglobin and hematocrit levels, EA was associated with ED severity (r ¼ 0.18; P ¼ 0.038). We conclude that EA is increased in men with CAD and ED. This finding may be relevant to the pathophysiology of ED in men with CAD.
Introduction
Endothelial dysfunction and atherosclerosis are involved in the pathophysiology of erectile dysfunction (ED) in men with coronary artery disease (CAD). Given the systemic nature of atherosclerosis and as penile arteries are smaller in diameter than coronary arteries, men with CAD might suffer from penile artery atherosclerosis resulting in ED. 1 Moreover, endothelial dysfunction also involves both the penile and the coronary arteries. Hence, it is associated with both ED and CAD. 2 As whole blood comprises mainly of blood cells and plasma, whole-blood viscosity is affected mainly by blood cell viscosity and plasma viscosity. As erythrocytes are the majority of blood cells, erythrocyte aggregation (EA) is the main factor affecting blood cell viscosity. Fibrinogen, on the other hand, is one of the main plasma proteins to affect plasma viscosity. 3 Contrary to fibrinogen, 4 the role of EA in the pathophysiology of ED in men with CAD has never been studied, to the best of our knowledge. This is surprising as whole-blood viscosity affects erections by decreasing penile arterial blood flow and penile venous blood return. For example, patients with aberrant blood viscosity due to sickle cell disease are prone to priapism 5 as well as ED. 6 In addition, ED might be a sign of anemia 7 that is paradoxically associated with increased erythrocyte sedimentation rate, that is, increased whole-blood viscosity. 8 Finally, ED is associated with slow coronary blood flow as shown by coronary angiography. 9 Erythrocyte aggregation affects blood viscosity and blood flow in the microcirculation. 10 Inflammation-associated EA is observed in patients with obesity, diabetes mellitus, sleep apnea, metabolic syndrome and hyperlipidemia. [11] [12] [13] [14] [15] All of these conditions are also associated with both CAD and ED. [16] [17] [18] [19] Hence, inflammation-associated EA may contribute to ED in patients with CAD.
Aim of Study
We aimed to study the association between EA and ED in men with CAD.
Materials and methods

Tel-Aviv Prospective Angio Survey
Tel-Aviv Prospective Angio Survey (TAPAS) is a prospective single-center registry of all patients undergoing coronary angiography at the Tel-Aviv Sourasky medical center. All participants sign a written informed consent for participation in the study, which has been approved by the local ethics committee. Each patient completes a detailed questionnaire concerning his medical history, and blood is drawn for complete blood count, chemistry and lipid profile before coronary angiography. Cardiac catheterization findings are also documented. These data are used for epidemiological studies.
Included and excluded patients
Between February 2007 and March 2008, we introduced the Sexual Health Inventory for Men (SHIM) questionnaire to 152 men who had undergone coronary angiography as part of the TAPAS. All men except one (compliance of 99.3%) filled the SHIM questionnaire. Included were only men with CAD documented by coronary angiography, that is, men with X50% stenosis in one or more of the epicardial coronary arteries, or men with a history of myocardial infraction.
Sexual Health Inventory for Men
Sexual Health Inventory for Men questionnaire is a widely used screening tool to detect ED. It consists of five items, each rated on a six-point scale from 0 to 5, except for one item, which is rated on a five-point scale from 1 to 5. The final score, ranging from 1 to 25, is calculated by summing up individual question scores. Scores below 22 are consistent with ED. 20 We have been using this questionnaire to detect ED in TAPAS participants since February 2007.
Erythrocyte aggregation
Erythrocyte aggregation was measured by using a simple slide test. One drop of blood was trickled onto a slide inclined at an angle of 301 and allowed to run down by gravity leaving a fine film. The slides were left to dry in that position at room temperature. A technician, who was blinded to clinical date, scanned the slides by using an image analysis system. This system consists of a personal computer equipped with a Matrox Meteor (Matrox Ltd, Montreal, Canada) color frame grabber, a color camera and a microscope that was operated at Â 200 magnification, resulting in an image resolution of 0.4 mm per pixel. Nine images were taken from each slide. Each image was processed separately and the outputs were then averaged to form the final slide outputs. The nine fields of view covered a total area of 0.6 mm 2 . A variable in the name of erythrocyte percentage represents the degree of EA. This is a measurement (in mm 2 ) of the area in the slide that was covered by red blood cells. The higher the aggregation degree, the lower is the area covered by the cells and vice versa. 21 A typical example of EA is presented in Figure 1 . Erythrocyte percentage was measured in TAPAS participants routinely.
Other laboratory variables
Blood count, including hemoglobin levels and hematocrit, was performed by using the Coulter STKS (Beckman Coulter, Nyon, Switzerland) electronic analyzer. Fibrinogen plasma level was measured by the Clauss method 22 with an ST-A compact coagulometer (Diagnostica Stago, Asnières, France). C-reactive protein (CRP) serum level was evaluated by an immunoturbidimetric assay on the ADVIA 1650 chemistry system and by using the Bayer ADVIA kit for wide-range CRP. 23 
Statistical analysis
Continuous variables were expressed as mean ± s.d. The student's t-test was used to compare the mean parametric variables between men with ED and those without ED. The w 2 test was used to compare Erythrocyte aggregation was significantly increased among men with ED compared with men without ED (Figure 2 ). Men with ED were older, had a higher prevalence of diabetes mellitus and lower hemoglobin and hematocrit levels relative to men without ED. The prevalence of smoking and being a single, on the other hand, was significantly higher among men without ED relative to men with ED (Table 1) . EA was associated with low SHIM questionnaire scores after adjustment for age, diabetes mellitus, hemoglobin and hematocrit levels (r ¼ 0.18; P ¼ 0.038). After adjustment also for CRP levels and fibrinogen plasma levels, this association declined to a trend (r ¼ 0.16; P ¼ 0.078). EA was Increased EA in men with CAD and ED D Justo et al associated with high CRP levels and high fibrinogen plasma levels for the whole cohort, as well as for men with and without CAD ( Table 2) . Erythrocyte aggregation was increasing as more coronary arteries were stenotic (F ¼ 3.229; P ¼ 0.04) and in men with 11 vessel disease relative to men with 31 vessel disease (Figure 3a ). Among men with 11 vessel disease, there were no significant differences in EA between men with left circumflex artery stenosis, men with left anterior descending artery stenosis and in men with right coronary artery stenosis (Figure 3b ). Increased
Discussion
Atherosclerosis and endothelial dysfunction are systemic conditions, probably because a smoldering systemic inflammation is associated with both. ED is associated with CAD because both the coronary arteries and the penile arteries are affected by systemic atherosclerosis and endothelial dysfunction. 1, 2 In this study, instead of focusing on the blood vessel wall, we focused on the blood itself. As increased blood viscosity is also systemic, we hypothesized that EA, as a marker of blood viscosity, might also be associated with ED and CAD. To the best of our knowledge, the role of EA in the pathophysiology of ED in men with CAD has never been studied. We showed that men with CAD and ED had increased EA relative to men with CAD alone. Moreover, EA was associated with ED severity and systemic inflammation markers in men with CAD. According to our findings, increased blood viscosity joins the factors affecting ED, that is, atherosclerosis and endothelial dysfunction. We believe that systemic inflammation is associated with increased blood viscosity just as it is associated with atherosclerosis and endothelial dysfunction, and all three complement each other by causing ED. In simple words, thick blood (high viscosity) is running through narrowed penile arteries (atherosclerosis) with sticky ill walls (endothelial dysfunction), resulting in ED.
Erectile dysfunction is the inability to attain and/ or maintain penile erection sufficient for satisfactory sexual performance. 24 According to the Massachusetts Male Aging Study, the prevalence of ED in men aged 40-70 years is 52%. CAD and its risk factors, namely diabetes mellitus, hypertension, smoking, hyperlipidemia and advanced age, are associated with increased risk for ED, probably because these risk factors are associated with systemic atherosclerosis and endothelial dysfunction that involve the coronary arteries as well as the penile arteries. 25 The reported prevalence of ED among men with CAD is 40.1-49%. [26] [27] [28] We found a higher prevalence of ED in our cohort; 75.2% of men with CAD had ED. In all of the aforementioned studies, selfassessment questionnaires were used to detect ED, [26] [27] [28] whereas in our study, the patients filled the SHIM questionnaire by themselves, but they were interviewed later regarding their answers. Sometimes, the final score in the SHIM questionnaire was lower compared with the initial score. Hence, we believe our findings concerning the prevalence of ED in men with CAD are reliable.
Erythrocyte aggregation might be associated with ED by several mechanisms. (1) Systemic inflammation. In our study, EA was associated with markers of systemic inflammation, such as CRP and fibrinogen. These findings are consistent with those of an earlier study. 29 Systemic inflammation might be associated with atherosclerosis and endothelial dysfunction. 1, 2 EA is increased and associated with systemic inflammation among patients with cardiovascular risk factors 30, 31 and asymptomatic atherosclerosis 32 as well as among patients with symptomatic atherosclerosis, that is, patients with CAD 33 and stroke. 34 This systemic inflammation is also associated with endothelial dysfunction among men with ED 35 as well as EA. 36 (2) Associated cardiovascular risk factors. Our findings complement earlier studies showing increased EA in obesity, diabetes mellitus, sleep apnea, metabolic syndrome and high levels of serum lipids [11] [12] [13] [14] [15] -all of these conditions being associated with both CAD and ED. [16] [17] [18] [19] (3) Stunning of blood. We believe that besides being a marker of systemic inflammation, which is associated with atherosclerosis, and endothelial dysfunction, which might cause ED, increased EA itself is associated with slow blood flow in the penile microvasculature resulting in ED.
The presence of increased EA in the peripheral blood of men with CAD and ED is not necessarily a theoretical question, as it has been shown that statins may attenuate the aggregability of erythrocytes, thus improving the hemorheological profile. 37 It is possible that these therapeutic interventions will prevent ED or decrease its severity in men with CAD by improving EA together with other lifestyle modifications.
Study limitations
Not all the patients who had undergone coronary angiography during the above-mentioned months were introduced with the SHIM questionnaire. We did not introduce the SHIM questionnaire to mechanically ventilated patients or to non-Hebrew speakers. Hence, the study might bear a selection bias. However, we tried to overcome this difficulty by introducing the SHIM questionnaire to as many men as possible, with no age preferences. The high compliance to the SHIM questionnaire was another way to overcome a selection bias.
Conclusions
Erythrocyte aggregation is one of the main factors affecting blood viscosity. EA is associated with systemic inflammation and ED in men with CAD. This finding may be another step in understanding the pathophysiology of ED in men with CAD, and in establishing therapeutic intervention to prevent ED in men with atherosclerosis.
